Valine coordinately increases the levels of three of the enzymes participating in the biosynthesis of isoleucine and valine in Mycobacterium pellegrino. The amount of valine required for end-product induction depends on the condition of the cells. Isoleucine inhibits the effect of valine. Acetohydroxy acid synthetase, the enzyme catalyzing the first common step in the biosynthesis of valine and isoleucine, is inhibited by valine. The induction effect of valine appears to be due to its ability to inhibit the activity of this enzyme, thus causing isoleucine deficiency, which in turn leads to derepression. This conclusion is supported by the fact that valine, under certain conditions, inhibits growth. The coordinate increase in the level of enzymes participating in the biosynthesis of valine and isoleucine as a result of growth in the presence of a-ketobutyrate was observed first in Streptomyces rimosus by Horvath (4, 5) . Since this increase in enzyme level is accompanied by the excretion of isoleucine into the medium, this microorganism can be used in the production of isoleucine (6). In Pseudomonas aeruginosa a similar increase in enzyme level was observed when isoleucine was incorporated into a minimal medium (2, 7). In this paper we describe another example, which may be due to the same basic mechanism. However, in this case, employing Mycobacterium pellegrino, valine addition led to the increase in enzyme level.
The coordinate increase in the level of enzymes participating in the biosynthesis of valine and isoleucine as a result of growth in the presence of a-ketobutyrate was observed first in Streptomyces rimosus by Horvath (4, 5) . Since this increase in enzyme level is accompanied by the excretion of isoleucine into the medium, this microorganism can be used in the production of isoleucine (6) . In Pseudomonas aeruginosa a similar increase in enzyme level was observed when isoleucine was incorporated into a minimal medium (2, 7) . In this paper we describe another example, which may be due to the same basic mechanism. However, in this case, employing Mycobacterium pellegrino, valine addition led to the increase in enzyme level.
MATERIALS AND METHODS
M. pellegrino was maintained on potato infusiondextrose-agar. The experimental medium contained (in 1 liter): asparagine, 4 g; glycerine 30 g; citric acid, 2 g; MgSO4, 0.5 g; ferric ammonium citrate, 0.5 g; thiamine, 0.4 mg; and Tween 80, 0.2 g. Supplements were employed as indicated in the text. Cells were grown in 500-ml Erlenmeyer flasks containing 200 ml of this medium on a rotary shaker (280 rev/min) at 28 C. One ml of a 48-hr stationary-phase broth culture was inoculated into 200 ml of medium; and, unless otherwise indicated, 10 ml of this culture was inoculated into 200 ml of fresh medium after 48 hr.
Measurement of enzyme activity. The cultures were harvested by centrifugation and washed with distilled water. The washed cells (6 to 8 mg, dry weight) were resuspended in a solution containing 0.4 M phosphate buffer (pH 7.8), 0.1 M MgCl2, and 100 ,ug of thiamine pyrophosphate per ml. The cell suspensions were disintegrated for three periods of 3 min each at 0 C by use of an MSE 20-kc, 20-w ultrasonic disintegrator. The resulting suspension obtained was centrifuged at 15,000 X g at 0 C for 15 min and passed through a Sephadex G-25 column, which was previously equilibrated with the same buffer solution in which the cells were disrupted. The purpose of the Sephadex G-25 treatment was to remove inhibitors (14) . The disappearance of valine from the culture was assayed in filtrates by paper chromatography in the following solvent: n-butanol-acetone-(NH4)OH-water (5: 3:1:1). Acetohydroxy acid synthetase was assayed according to Umbarger and Brown (13); threonine-deaminase, according to Szentirmai and Horvath (11) ; dihydroxy acid dehydrase, according to Wixom et al. (17) . The specific activity of each enzyme is defined as the number of micromoles of enzyme product formed per hour per milligram of protein. a-,O-Dihydroxyisovaleric acid was synthesized by the method of Sjolander et al. (10) . The other chemicals were commercial products of analytical grade.
RESULTS
Effect of branched-chain amino acids on the acetohydroxy acid synthetase level of cells. In the first series of experiments, we tested the effect of valine, isoleucine, and leucine, each at concentrations of 10-2 and 10-3 M, on the level of acetohydroxy acid synthetase (Fig. 1) . The enzyme level increased during the logarithmic period of growth. When 10-3 M L-valine was added to the medium, the activity of the enzyme increased five-to sixfold by the 24th hr and then decreased rapidly. The increase was the same when 10-2 M valine was added to the medium, but the increased enzyme level persisted for a longer period. The addition of 10-3 M isoleucine had no effect on the enzyme level; 10-2 M isoleucine caused a much smaller increase than that caused by valine. Leucine at the same concentrations had no effect on the enzyme levels.
Effect oJ valine concentration on the level of acetohydroxy acid synthetase. When 2 X 10-4 M valine was added to the medium immediately after inoculation, the level of acetohydroxy acid synthetase increased significantly; 5 X 10-4 M valine caused the maximal increase obtainable by valine addition (Fig. 2) . The enzyme level was only temporarily increased by valine added at such low concentrations. (For effect of 10-3 M valine, see Fig. 1 .) Valine, as determined by paper chromatography, was no longer found in the culture filtrates after 16 to 18 hr of growth. Thus, the possibility arose that, in later phases of growth, higher valine concentrations are needed for the effect, and that the constant presence of valine might be needed for the maintenance of the high enzyme level. Indeed, when valine was present at all times in the medium, high enzyme levels were maintained during the entire growth period. The enzyme level in the growing culture could be increased at any time by adding valine in higher concentrations (5 X 103 or 1 X 10-2 M, see Fig. 3 ). In a continuous culture the high enzyme levels persisted in the presence of 2 X 10-3 M valine. Increased enzyme levels could be elicited at any time in control cultures by adding valine of the proper concentration to the medium (Fig. 4) . As stated earlier, 10-2 M isoleucine was needed to increase the enzyme level in the early phases of growth. Isoleucine, however, did not serve to increase the enzyme level when added to a culture in the later phases of growth. effects of the other two branched-chain amino acids, leucine and isoleucine, were examined in the presence of valine. Leucine, tested at as high a concentration as 10-2 M, had no effect whatsoever. The addition of 10-4 M isoleucine to the medium in the early phase of growth overcame the effect of valine by at least 90%0 (Fig. 2) . The extent of the inhibition by isoleucine was independent of the concentration of valine (2 X 10-4 to 10-3 M) employed. In the later phases of growth, Effect of branched-chain amino acids on growth.
Valine, isoleucine, and leucine had no significant effect on the rate of growth when the medium received a large inoculum. When the medium was inoculated with 0.1% inoculum, 10-s M valine strongly inhibited growth, causing an increase in the length of the lag phase; neither isoleucine nor leucine alone had any effect (Fig. 5) . The effect of valine could, however, be counteracted by isoleucine. When all three branched-chain amino acids were added to the medium, the rate of growth increased by a small but significant Apparent coordinate character of the valine effect. In most of the experiments, only the level of acetohydroxy acid synthetase was determined. In some cas s, however, the levels of threonine deaminase and dihydroxy acid dehydrase levels were also followed. It can be seen in Table 1 that the increase in level of these enzymes was coordinate.
Inhibition of acetohydroxy acid synthetase by valine. Acetohydroxy acid synthetase can be inhibited by valine in various microorganisms: Escherichia coli (13) , Aerobacter aerogenes (3), Salmonella typhimurium (1), P. aeruginosa (7) . The acetohydroxy acid synthetase from M. pellegrino was also strongly inhibited by valine; isoleucine inhibited only in much higher concentrations; and leucine had no effect on the activity of the enzyme ( Table 2 ). There are several common steps in the biosynthesis of branched-chain amino acids. Three enzymes, namely, acetohydroxy acid synthetase, reductoisomerase, and dihydroxy acid dehydrase, participate in the biosynthesis of each of the three amino acids, valine, leucine, and isoleucine.
The three enzymes which can be inhibited by valine, leucine, and isoleucine appear to play important roles in the control of the synthesis of these amino acids. One of these, threonine deaminase, is isoleucine-sensitive (12) . Another enzyme, a-isopropylmalate synthetase, participating in leucine biosynthesis, is sensitive to leucine (8) .
The first common enzyme of the biosynthetic pathway, acetohydroxy acid synthetase, is inhibited by valine (9, 13) . The precursors of branched-chain amino acids are fomed by condensation of pyruvate and a-ketobutyrate with a two-carbon derivative of diphosphothiamine (active acetaldehyde). It has been suggested that a differential affinity of the enzyme for the two kinds of substrates may also have a regulatory role (16) .
In this study of the effect of the end product on the level of these enzymes in M. pellegrino, it has been found that valine caused an increase, or derepression. Isoleucine exhibited a weak effect, but only at high concentrations; leucine was completely without effect. In the lag phase of growth following inoculation, the effect could be obtained even at low valine concentrations. Substantially higher concentrations were needed, however, in logarithmically growing cultures. Since paper chromatographic analyses of the growth medium showed that valine was essential for derepression, the requirement for higher valine concentrations in growing cultures was most likely due to the presence of valine-degrading enzymes. The effect of valine could be reversed by isoleucine.
Under appropriate experimental conditions valine was found to be inhibitory to M. pellegrino, causing a prolonged lag in growth. Again, the inhibition could be reversed by isoleucine.
The high valine sensitivity of acetohydroxy acid synthetase suggests a possible explanation for the derepression elicted by valine. According to this hypothesis, the inhibition (by valine) of acetohydroxy acid synthetase activity first causes an isoleucine deficiency, which may actually cause a temporary inhibition of growth. Next, as a result of the isoleucine deficiency, an increased synthesis of the enzyme may commence. (Supporting this view is the finding that isoleucine addition to the medium inhibits enzyme synthesis.)
As the enzyme concentration rises, it may be that sufficient isoleucine can be formed in the presence of valine so that growth is possible. On the other hand, the possibility of the appearance of a valine-insensitive form of the enzyme, as found in P. aeruginosa by Horvath and Varga (14, 15) , cannot be excluded, although attempts to demonstrate such a form in this organism have thus far not been successful.
